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This study contains an application of cost-performance analysis to
the automation of a manual reporting and record-keeping system. A
small local transit company serves as the basis for the analysis.
Beginning with a brief history of small business computing and com-
puters in the transit industry, it covers the main aspects of
requirements analysis in terms of system size, software and hard-
ware. Four alternative computer systems, two minicomputers and
two microcomputer networks, are Presented and rated on (contiznied
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their responsiveness to the transit company's needs. Tradeoffs in
cost and performance are analyzed to determine the marginal costs
for each unit of increase in performance. The cost performance
techniques developed for mainframe systems are shown to be appli-
cable to minicomputer and microcomputer based systems as well.
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ABSTU CT

SThis study contains an application of cost-perfocaance

analysis to the automation of a manual re opcinq and

record-keeping system. A small local transit company serves

as the basis for the analysis. Beginning with a brief

history of small business computing and cnaputers in the

transit industry, it covers the maim aspects of requirements

analysis in terms of system size, software and hardware.

Four alternative computer systems, two miaicomputers and two
p4croconputer networks, are presented ant rated on their

responsiveness to the transit company's niels. Tradioffs in

cost ant performance are analyzed to determine 'he marginal

costs for each unit of increase in performance. The cost-

performance techniques developel for mainframe systems are

shown to be applicable to mini--sputsr anl microcompaterf based systems as well.
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A. BACKGROUND 03 SNAIL BUSINBSS C0MPUTERS

Vhat was once the province of Fortune 300 companies has

become a topic of interest everywhere frox boardrooms to

stockrooms, steel mills to Box and Pop groceries. Computers

are no longer reservei for companies with high-budget data

processing (dp) departments ini ranks of programmers at the

ready. Technological advance 3ver the last two decades has

allowed the "cost per computation" to plummet so that

computer power is available to anyone with a few hundred

dollars to spend. To exploit this steadily growing market

of hardware owners, software producers have rushed to supply

* ready-made software: "horizontal" packages which apply to

n-early every business-payroll, inventory cnr:ol and

general ledger, for example; and "vertiral" applications
which are directed toward a sia;le industry--job-costing fo_
a building contractor, for example :1:36]. The adveat off ~ small and inexpensive computers, couple! with a dazzling

jarray of prepackaged software and the ever-increasin; costs

of labor, has made the computer as ordina.y an instrument of

business as the telephone.

But for a company with slightly unige needs, 13cating

appropriate vendors is in itself a major :hore. Thp average

business user is apt to be overwhelmed by the number of

salesmen anxious to lay claim to his dp lollar, whether or

not they can effectively meet his needs. With the mjtittude
cf sources for obtaining a system--turnkey operations,

* direct manufacturer sales, compater retailers--and the range

of implementations--traditional minicomputer, microcom-

puters, networks, distributed processin;--a buyer must be

aware of the whole spectrum of options.

8
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Making a choice was definitely simple when alternatives

could be placed into rigidly delineate. cateqories. In the

not-too-distant past, a minicopu+er was the choic. for a

small businessman, a microcomputer for the hobbyist. Today,

one estimate places 60% of all micros soll into small busi-

nesses and professional offices [2:791. Rslt. §2-uS2, a

quarterly guide to equipment, software services and coapa-

ties in the information processing industry, groups its

less-than-mainframe sized coapater systems into high-end,

mid-range, and low-end minicomputers, microcomputers, and

small business computers, ranged by price in each division.

A quick scan shows that price is not a dependable inlicator

of classification: both low-end minis and microcomputers

list system under $15,000; a great number overlap im the
$30,000 to $75,000 range; anI 3ae micro system spills into
the "greater than $350,000" range. Once in organization bes

deterainad what general size ani price c113sificatio- i.t

fits into, it must locate software which is responsive to

its needs. If the small business in question is in the

transit industry, it may be fazing a hard task.

B. COhPUTIRS I TRANSIT HBNIGENINT

The transit industry, along with other types of busi-

ness, has been involved in the creation of computerized

decision-making tools; however, most of the past efforts

have concentrated on serving the large transit organization.

software suppliers have foial it profitable to scale down

accounting, manufacturing control and merchandizing packages

originally designed for large firms, so that the typical

small retail cr manufacturing business has a variety of

applicable software packages from which to choose. Small

transit operations, however, represent a comparatively

* limited market and thus have not benefited from the

9

'I



A :attention which small business needs are getting.
Development of automated transit aids has taken the fo. of

research gran~s pursued under the sponsorship of the Urban

Kass Transportation Idminisration. RuCus, an acronym for

run-cu'-:inq and scheduling, was an early entry in the

e transit applications field. The Rucus system was developed

in 1970 as a modular packaqe of programs designed to address

the scheduling aspect of transit planning. Briefly, Rucus

comprises four modules 3:150-51

1. Trips, to adjust frequeacy of service in response to

demand and company polity;

2. Blocks, to assign vehicles to trips in accordance

with an optimization technique;

3. Runs, to assign drivers to trips in accordance with

labor contracts and company policy; and

4. Data Management, to interface the other three

modules.
while these programs apply to functions shared by all

' transit organizations, the original Rucus oackage was

designed for large-scale hardware and thus was suitable only

for large transit operations. Liberal listibution of the

Rucus packaqe to the industry has allowed private enterprise

to participate in the evoluticn of Rucus so that il has
since become a generic standarl from which customizel

systems are deveiuped. The addition of report generation to

use the schedule information to produce operating reports

and timetables has boosted the worth of Ricus-type applica-

tions to the industry [4:251. The area of bus fleet

maintenance was also addressed by an Urban Mass

Transportation Aiministration study. In 1971 and 1972, th_

Administration initiated the SINS project for transit

districts in Oakland, CL, and Dallas, TX. SIRS, an acronym
for Service, inventory and Ha-2tenance Sytes consists of

three modules:

10
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1. The Servie per Unit Chinge nodule uses vehi:le m-ies
as tho uit of nerormaace. performance is a f nc-
tion of fue, an ol consumption an parts repair or
replacement.

2. The Inventory molule is a standarl 4nventlori -o iol
program tjnre or ssuange and recpt of m.
nd to ma ta n stock Parts repair oss ae

input to the next modul .

3. fhe tepai; Cost module combines tabor costs imcu red
In tne maintenance ci vehi les v.t p a-ts costs fromthe inventory module to ma4nta±n li.tae costs on
vehicles.

Another computerized tansit tool is the Hatntenance

Planning System (BPS). It proluces comprehensive reports

for maintenance contrcl, as follows:
1. Haintenance Control reports for preventive mainte-

aance and major repairs scheluling;
2. Equipment Status reports for ongoing vehicle history;

and

3. Failure Analysis reports to identify parts with

recurring failures.

Both SIhS and BPS were designel for large transit companies;

I 'he Oakland and Dallas fleets :omprised 833 and 400 bases,

respectively, and NPS was testel cn San Francisco's BARI
system. Both systems run on IBM 360/370 mainframes.

Small transit operations are the intended market for

Trans-Pac, a complete managemeat package laveloped by NTD

Project Services, a division of Qantel Business Computers.
t, Trans-Pac handles financial xa.-.gemet, ma-intenance and

inventory control similar to BPS, driver timekeeping,
payroll, Rucus-type scheduling, performanza measuring, and
Urban Mass Transportation Adminis-ration-cequi:ed -eports.

It is designed to run on any of Qantal's ainicomputers,

depending on user's desired speed and meamry require ents.

Some packaged software has appeared t. meet the general
reeds cf vehicle maintenance for trucking firms and indus-

tries with private transportati n fleets which may be

applicable to transit maintenance as wll. These packages

11A
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are designed for minicomputers. Judging from sources

consulted, the microcomputer sw.fvare market does not as yet

offer vehicle maintenance applications (although an aircraft

maintenance package available for Apple c,mputers may signal

future involvement in this area) . is microcomputer software

suppliers expand to cover more vertical markets, more

transit operation functions will be computerized. At the

present, however, the choices are few.

C. PROBLE DEPINITION AND OBJECTIVE

As evidenced by the profusion of minizomputer and micro-

computer manufacturrers, software supplie rs, OE~s' and

consultants, the small business computer market is complex

and confusing. A company ventiring into the computer arena

for the first time must heed the words "Buyer beware." Onr

such company investigating the possibilities of autotation
is Monterey-Salinas Transit (MSr), a publicly-owned, local

transit company located in Monterey, California. MSr

reviewed their present mar.ual record-keeping procedures and

concluded that a computerized management information system

(MIS) incorporating the individual administrative record-

keeping systems associated with each operational area would

benefit organizational efficiency and eff.cti veness [5].

Many of MST's functions parallel those of any other like-
sized service or manufacturing firm, but such of the

workload addresses transit needs specifically. Due to the

prohibitive costs of specializ9d system design, which would

ileally tailor all hardware and software to MST's particular

needs, and because of the lack of an in-h~use programming
resource, the company concluded that the only feasible

option would be to acquire a system "off the shelf": either

lOEM ands for o'iqanal eauitment man factur 2 r, which
is a retaiiler who comu es ardvata and so! tware f~rom
various sources to supply specific markets.

12
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one already designed for small transit coxpanies, if such
existed, or one compiled for that purpose utilizing :ommer-
cially ivailable software and general purpose hardware.

It is important, when introducing computerization, to

determine which of a company's tasks are :-ost-effectively

transferred to automated proces3ing. Computers are fast,
accurate, and incapable of thought, whereas man is slow,
error-prone, and thoughtful. his relatio'iship between man

and computers suggests that tedious, routine, and tiae-

consuming tasks should be offloaded to the computer so that
human resources may be utilized in the business of manags-

msen. However, due to the high cost of aistom software
design, some procedures not covered by pa-kaqed software are
best left to the manual system.

The objective of this thesis is to analyze the trade-
offs in cost and performance between two sinicomputer and
two microcomputer systems designed to aset Montertey-Sa-inas

Transit's requirsments to differing extents. One systam is
specifically desiqned for small transit :eraticns. This
system, Trans-Pac, distributed by Arthur kndersen & Zo., is
treated in this thesis as the aost responsive solution.

However, other options exist which may me-t some or ill of

MST's needs at a lower cost. It is beyond the scope of this
thesis to develop an cperational computer system to compete
with the prof ssional ly-develope d Trans-Pic system.

Instead, the four systems aim to be representative of two

computer classifications, minicomputers aad microcomputer
networks. Typical costs and software availability will leld

to the levelopment of cost-per ormance figures to ascertain
whether there is a difference between mini- and micro-bas!d

systems. This thesis first determines RSr's needs in terms
of general hardware and software requirements and then uses
these guidelines to configure three systems to perform the
functions identified in the requirements inalysis. These

13
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systems are analyzed in terms of their reponsiveness to

MST's software requirements using a weighted evaluation
scheme.

D. SOURCES

Information on transit operations and functions was
provided by personnel at Montsrey-Salinas rransit Company,

publications on the transit industry, and & management
performance audit (6]. Specifl= prices, hardware model
specifications and software availability were drawn frce

Pi.i~a~U and Da t apro Researzh Corporation's 2136E Z2
andl =g_ 21 Mjj.1 *"mu g Zhe distributor for
Trans-Pac, Arthur Andersen & Co., was helpful in describing
the system and providing approximate costs.

iz
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monterey-Salinas Transit is a publicly owned local

transportation company serving the city of Salinas and the

cities and county of the Monterey Peninsula. It provides

service seven days per week with a fleet 3f 52 buses and a
staff of 100, 70 of whom are coach operators. The company

owns two facilities: the main administration, maintenance
and dispatching facility in Monterey And a smaller building

in Salinas for light maintenance and housing of vehizcles

overnight. MST is goerned by a Board nf Diect-ors :eo e-
sentinq the cities and county served. Th- Board conven.s

monthly to review financial and operating data presented by

MST's general manager. Additionally, the Board is r -spon-

sible for approving company goals and objectives, roates and
service levels, fares and grant applications.

MST's internal organizatio2 is structurad along furc-

i jional lines. The four departments under the general
manager are maintenance, transpo3rtaticn, -ontroller, and

administration, which includes the planner. The planner is

responsible for servicP planniag and schauling and also

computes many of the organization's perforiance statistics

for external reporting requireaen~s. The external reporting

function is labeled as part of the administrative function

in the system analysis in section B.

In addition to revenues from fares, MST is funde. by

* ,federal and state agencies. &s a result )f receiving public
k " monies, MST must account for those grants and allotments in

periodic reports. Such of MST's recordkeping is geared

soward providing those reports. Some background on the

< 15
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federal transportation agency will help l-fine the reporting

arena in which NST operates.

The Urban mass Transportation Ikdinistratior is an

agency of the Department of Transportation, whose chief

responsibility concerns the administration of the Urban Bass

Transportation Act of 1964, as amended (UNTA). This comprl-

hensive act provides federal assistance for [7:1401 :

1. Acquisi±.ion and improveuent of facilities and equip-

ment associated with mass transportation;

2. Research, development, and demonstration projects

related to urban mass transportation;

3. Engineering, planning, and designing arban mass

transportation; and

4. Traininq personnel in manaqerial, technical and

professional positions relat9d to mass transporta-

tion.

Since the agency is responsible for allocating consitirabla

i sums of federal money thro gh its various grant programs, 2

it is understandably concerned with the utilization 3f those

funds and demands extensive reporting uad: Section 15,

UNTA. Secticn 15 requires information be maintained on

safety and accident claims, anamal ridersaip surveys,

detailed classificaticns of bu3 driver labor, financial
accounts, fares, and profitablilty; that is, essentially

every aspect of transit operations and management.

Even with the stringent reporting requirements of

Section 15, some information was not well enough standard-

!zed to permit industry-wide analysis of mass transit. in

1971, the Urban Bass Transportaton hdministration, rhe

American Transit kssociation (AfA), and the Institute for

Rapid Transit jointly developed a program to devise an

*Sec' ons of the A adress different .pes of qrants

.ection 3 for capital, Section for operit andoSection 9
for planning granto.

is
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improvel system of financial ani operatin; data reporting.

The outcome was initiation of Project FLRE (Uniform

Financial and Reporting Elements), which established a stan-

dardized set of accounts and standard operating statistics

categories for the entire industry. This data base is

designed to serve [3:165] :

1. Federal, state, and local transportation agencies for

financial programs administration;

2. Transit industry associaticns, such as ATA, for moni-

toring induskry performance; and

3. Individual transit systems for evaluat ng their

performance against similar operations

FIRE reporting partially neets the requirements of Section

15, UMTA. I is interesting -o note that 11 proe t Fg

TIik UI l12.t XMI ja =:z Uar was prepared for
the Administration by arthur a.lersen C Co., which distrib-

utes Trans-Pec.

B. REQUIREMENTS ANALYSIS

The goal of Monterey-Salir.as Transit, simply stated,
is to provide reliable bus service in response to public
demand. The physical operation of buses along planned

:outes is supported by a variety of admainstrative activi-
ti-s, from the planning of s.rvice, the a:quisition and
repair of vehicles, and training of drivers to 'he ordering

cf spare- parts, payment of employees, and preparation of
reports for the board of directors. These tasks are not

important to the customer, whose only concern is that his
bus is on time, but to EST, they are the administrative
functions which allow the transit service t2 operate. Every
firm has its paperwork, a fact often lamented, but a neces-

sity which organizes and documents the management of

17
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personnel, equipment, and monetary resour:es. MST maintains

various files to record day-to-day transactions such as

i.ventory issues, vehicle repairs, and cash disburseesnts.

These files form the tackbone DE an information system from

which information on the effectiveness ani efficiency of

transit operations can be drawn. in understanding of the

manual record-keeping procedures is crucitl to successful

automation because mamagement 2ust be able to define

precisely what services and outputs it expects from the

newly automated information system. Monterey-Salinas

Transit considers their system of weekly ini monthly reports

important to effective management, and an automated system

should enable creation of those reports. The manual adsin-

istrative filinq and reporting system Must record and report

meaningful information before :onverting to a computer

system, or the inefficiencies 3f the current system may be

mistaken for unresponsiveness of the computer system. Her%

automation of files and reports will not pr3vide better

iiformation, only more prompt information. If a company is

floundering, automating may only further camouflage the

management deficiencies which plague the firm. As one

observer noted, "A computer can make a sick business teraS-

nally ill" (1:35]. This shoull not be of worry to MST as a

management performance audit performed in 1980 concluded

that then-Monterey Peninsula Transit was in exceptionally

well-managed system with an extensive forualized reporting

procedure well-suited to the coapany's sanagement structure

[6:135-36].

Presently, MST's saitenance, inventory, planning,

and personnel filekeeping and reports generation are
performed manually. Fortunately, MST is a relatively small

organization, well-staffed, so that sheer volume does not

overwhelm the capabilities of their current record-keeping

* systems, and automaticn is not being pursued to stave off

18
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personnel increases or other methods of augmenting produc-

tivity. There are, however, areas which iight benefit from

the attributes of computerized maintenance. The existence

of routine and redundant data aandling inlica.as tasks which

would probably gain speed and accuracy from automation. In
the case of EST, many of the required performance statis-

tics, generated at least quarterly, necessitate simple but

repetitive calculations which are time-consuming and prone

to human error. Most other filakeepinq rguires dnplicative

entries in various files to allow cross-referencing and to

ensure that each file is complete. MST's financial records

are prepared by a service bureau, Bank of America, sa that

accounting applications do get the benefil of computer accu-

racy and automatic generation. With the aivent of in-house

accounts processing, data entry would be to a keyboard

instead of to paper forms, and the submission and batch

processing time lag would be eliminated. Potential savings

could result from scheduling payments to taki? advantage of
vendor 1iscounts, if this is not already 1one. The primary

advantage of in-house processing is that the contrcller
would be able to generate non-standard coaparison reports,

on demand, as opposed to relying only on reports contracted

for with the service bureau. rhe issue of security may have
4o be addressed since pay recorls and financial statements

should not be available to all asers of the system.

The five record-keeping systems to be analyzed for

automation are: perscnnel management, maintenance an!

inventory control, financial management, sarvice/scheduling
control, and the external reporting system. The systems of
recessity are interrelated, because inforuation flows and

the effects of actions are not solely internal to each

department. Thus, mileage figures generated by the mainte-

nance department are used in efficiency reports submitted to

the board of directors and inventory purchase orders are

19
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accounted for in the controller's accounts payable file. I

brief description of each administrative corntrol system in
place at Honterey-Salinas Transit will define the informa-

tion environment in which an automated system must exist,

and the data handling and computational operations which it

must perform.

a. Personnel

The aim of the personnel control system is to

manage the human resouces of the company. Specific activi-

ties include:

1. Planning, programming, a.d alministering personnel-

related program;

2. Evaluating employment needs;
3. Evaluating candidates for employ2ent;

4. Traininq employees;

5. kralyzinq compensation levels; and

6. Evaluating employee performance.

A major part cf the personnel system is geared

toward accurate and timely payent of employees, which

necessitates withholding taxes, collecting Social Se-urity

contributions, and deducting payments for insurance,

pension, or other benefit programs. The payroll system must

register changes in salary or wage, job, seniority, and

other personnel shifts. BeyonD payroll activities, the

personnel system is designed to facilitate production of the

detailed reports required by the federal government under

employee protection programs, such as Equal Employment
Opportunity (EEO)-Affirmative, kotion (Ak), and Section 15,
UMTA. As driver labor accounts for a considerable
percentage of a transit system's operating expense, Istailed-

* 4 records cn how drivers spend their time are maintained in
accordance with UNTI regulations. 3perator timekeepinq must
account for 21 categories of compensated time to be reporled

~23
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to the urban Hass Transportat!3a Administ-ation, vhile each

driver'3 compensated and non-compensated time is r.corded in

an attendance file, corresponding to one -f seven categories

per day. The files currently in use to support thqse

personnel and reporting functions are shown in Table IX ,

Appendix A.

b. Maintenance

The objective of the maintenance department is

to ensure that sufficient vehicles are maintained in a safe

and efficient condition, at a reasonable -ost, to meet

scheduled service. Specific activities iaclude:

1. Repairing service breakiowns on an emergency basis;

2. Conducting a preventive maintenanc? program (PH) ;

3. Maintaininq service records an vehicles;

4. Maintaining control over repair parts and fluids in
inventory;

5. Monitoring fuel, oil, and automati transmission

fluid (ATF) consumption; and

6. General upkeep of property to in-lul, plant and bus

stops.
The maintenance adzinistrative system is set up

to keep extensive reccrds on vehicle service and repai- to

* facilitate planning and monitor vehicle efficiency.

Preven'ive maintenance is schedaled on the basis of daily

inspections and a "tickler file" to alert pesonnel to

upcoming mileage or time check3. Unschedaled or emergency

repair, for which personnel and parts must be on hand, and

replacement buses available, may result f.-m manufacturer

directives or breakdowns. In any circumstance, bus non-

availability must be transmitte to the dispatcher for use

in bus assiqnment, and repairs affected under warranty mus,
be documented for reimbursement. Labor a2d parts costs

currently are not charged to each vehicle to allow lifecycle
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costing, as the use of standard labor hours and costs are

not fully incorporated into the manual system.

Additionally, the tracking of major compoants--enqgiss ar.d

transmissions--for evaluation. of equipment reliability is
not covered by the maintenance system although EST wishes to

integrate both of these controls into an automated system.

In addition to ensuring that vehicles are available for

service, the maintenance system is organized to provide

efficiency reports to management. nileage and fuel and oil

usaqe and inventory status are reported monthly for input to
the planner's computations of perfcrman-e statistics.

The maintenance department is also responsible

for managing inventory and equipment. rhe objective of
inventory control is to reduce obsolete items, store and

protect inventory supglies, and improve f-recasting to
establish m.nimum levels of stock while av.,i ding outages or
delays in availability. Currently, a carlsx file is used to

-i record receipt and issuance of parts and 3upplies. Due to
the easy availability of parts, secure supply channels, and

the maintenance clerk's failiarity with vendors and parts
usage rates, order points and ordqr quantities have not been
developed. To reduce the cost of inventory and provide anIinventory control system independent of soecific employees,
the inclusion of minimum stock points, orler quantities, and
automatic generation cf purchase orders i_ an automated

system is desirable. The do.-uments and files supporting
maintenance administration are described in Table X

5Appendix A.

c. Finance

The objective of the financial function is to
plan for and ensure the effi:i.nt utilization of funds. The

objective of a financial reporting system is to provide a
structured method of accountability and a basis for judging
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operations. EST's financial functions are budgeting,

accounting of revenues and expenditures, internal control

for the safeguarding cf assets, and the %?pl!cation of

federal monies. Financial reporting and accounting must
conform to generally accepted principles 3f accounting and

to the reporting requirements of the UNTA and California

Transportation Development Act of 1971.
These functions are currently performed under a

contract with a service bureau. The controller compiles

data for input to the service bureau twice a week. Updated

ledger accounts are returned ani monthly financial reports
are created. The controller uses standari files to saintair
the accounting data as shown in Table XI , Appendix A.

d. Plans

The objective of the planning function is to

turn the company's objectives into :oncrete courses of

* action. This is pursued in tw, s t ages: setting service

* levels and scheduling resources, labor, aad vehicles to meet
the service level. In support of the first task, the

planner conducts an annual riership survey to determine the

degree to which existing routes and schedules respond to

demand. The surveys gather information on fare categorias,

load factors, time and spacing of stops, which, together
with data on operating expenses, generates figures tc deter-

mine which routes are cost-effective, where zone lines

should be drawn, and optimum frequency of service. A
programmable calculator is used in the maipulation of the
numbers recorded during the survey, but the compilation
process can continue through several weeks and perhaps

months. Given these utilization figures and associated

costs'as well as community input, the planner evaluates the

present level of service against demand and fiscal
constraints +o recommend continuation, adjustment, or
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* deletion of routes. Once levels of service are set, the

planner must determine how the various r3utes should be

allocated to drivers and buses in segments called "runs."

Pun-cutting must try to maximize driver productive time

while minimizing overtime and conforming to provisions of

the labor contracts, all sublect to the established route

structure. Obviously, this is a time-consuming process, and

it will usually require revision during holiday peri3ds and

after the ridership survey. In support of these funztions,

the planner maintains several files shown in Table XII,

Appendix A.

e. Administration

Ir the general administrative system, data orig-

".iated by the other functional systems conver-ge. At this

point, their outputs are combiaed and interpreted to facili-
tate internal management decision-making ani external

reportinq. Data on materials isage, miles and hours of

vehicle service performed, acci-ents, breakdowns, and

expenses enable management to c-mpile measures of perform-

ance to faelitate reporting under the Urban Mass

Transportation Act of 1964 (Ur), as aue.ded, and

California's Transportation Development kzt (TDA) of 1971,

and to present information for management decisions
• affecting servics, purchasing, federal grants, and

marketing. Several types of data maintained for input to

the quarterly and annual performance reports provided the

Board of Directors and governmental transportation lapart-

ments are shown in Table XIII , Appendix 1. The foraa'ting

of this information into formal reports is manual. .he

creation of the statisics drawn from files would be easily

supported by eutomated report generation.
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2. 11.1.=A-or_,o .Un i

Some general constraints must be acknowledged before

attempting to fit a computer to users' requirements.

Decisions as to on- or off-line data retrieval, real-time cr
batch processing, if made early w!l chanael initial inves-

tiqation toward system built upon those characteristics.

The decision by MST to acquire an on-line, real-time system

directs their attention toward a disk-basad system utilizing
CRTs for entry. But this category is still too broad to
allow a manageable ccuparison of alternatives. Other

descriptors and constraints must come into play. Obviously,
cost is one such constraint; a3 orgarizatln with a budget

of $100 does not spend time evaluating a $1000 system.

Similarly, Chase Manhattan Bank does not consider loading
its database cnto a few 8-inch floppy diskettes. Key

volumes of a system such as size of a database and the

number of users serve to further define the ranqe of
feasible alternatives.

The number of users for whom the system is planned

is based upon the functional breakdown of tasks as MSr is
currently organized. At a minimum, entry to the system is

to be made in five locations:
1. Maintenance department for inventory and vehicle

3aintenance records update;

2. Comptroller's office for financial functions;

3. Operations planner's office for level of service
planning and performanca analysis;

4. Atiministrative department for gensral personnel func-

tions and word processing; and
5. Remote entry from the Salinas facility, primarily for

update to the inventory and maintenance recorls.

The determination to serve a minimum of five users effec-
-ively bounds the rance of feasible options by eliminating
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sinqle-user microcomputers from the low enil of the sa-ale and

by suggestinq that systems oriented to servi&ng hundreds of

users, at the high-end, would likely not be cost-effective.

Storage capacity required to hold the data and

programs creating the system is another guideline to use in

identifying possible computer configurations applicable to

MST. Some processors, notably xicroprocesscrs, are limited

in the amount of secondary storige they can access, and may

only support floppy diskette or cassette tape storage

devices. MST's secondary storage requirements may be esti-
mated from the number of charazters which compose the files

to be stored, incorporating some growth factor over the
system life.3 Datapro Research Corporation [9:SC15-200-108]

recommends the following formula: Disk storage equals

1. the number of data file characters; plus

2. 25% of ,he nuilber of charactmrs to allow for indexes
or sections of the disk required by the computer to
perform random access; plus

3. 20% of the number of characters for program storage;
plus

4. 20% 9f the number cf zhiracters for work files for
sort&ng or storage of temporary data.

Thus, disk storage equals 165% of the original data charac-
4ers, with the total rounded up tc the next higher million
bytes for safety. To arrive at the number of characters of

data which will be held in MST's ccmpu-erized database, the

"brute force" method was applied: rhe ave-rage number of

characters per field were summed to produce an average

rumber of characters per record for formatted records such

as fixed assets. Unformatted records without delineated

fields, such as 'raining records, were estimated at an
average number of characters per record. these counts for

3ft system's eqono c md planning life should b consid-
ered to be approximately five to eg nt years [8:13Aj, though
*he changeble nature of computer technoloqy may suggest
that any given system would be obsolete bel-ore that range
was reaghed. D.a ?ro advocates a five-year life and that
fiure is used in these calculations.
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each type of record were then uultiplied by the number of

records in each file to arrive at an estizat, of th- number

of characters per file. Theq allition of these figures

results in a 'otal of 10 million characters which, at one

byte per character, equals 10 usgabytes of data. Applying

DataPro's formula, the followi2; figures are generated:
Disk storage equals

1. 10 rilionchrp t ers which, assumipg a no!inal
g~owth -a' o per vear-over a ear . -cycle
yields a fifth year total of 12.761 mlllon data
characters; plus

2. 3.190 million for inde xiq

3. 2.552 million for program storag?: plus
4. 2.552 million !or temporary work fLles; equals

21.055 million characters. After roundin3 up, the rough

total is 22 megabytes of disk storage. rhis figure repre-

sents sufficient storage for currently planned usaq of thb

system, but allows nothing for growth _utside the bounds of
'he foreseen system. 3ew uses, new applizations cfv -he
hardware could not occur without buying z-3re storage. This

prdvpca'ioa is more complex than it sounds if the system's

addressing capabilities or disk ccrtrolle., for example,
4ill not support additional sezondary memory. Common snse

dictates that expansion should be planned for, and although

MST does not foresee any grow-h in service or employee-s,
experience shows that, once installed, users will find more

and more uses for the compute:. One study indicated that

the overall system cost is minizized if he hardware

provides 50% 'o 100l more capacity than is absolutely necs-

sary [10:131. Using this range gives a final figure of 33
to 44 megabytes of secondary mezory, ia the form of 3isk

The,5 flqaro is takea from tho fixel asiels account
which, w.it add tlons or 14 anl retirements or 5 accounts
oer year, shows a growth of 35 acccunts on 1 total of 700,
br a 5% Increase.
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storage for on-line retrieval, as a reasoiable estimate to
be used it ccnfiguring alternative =omputer systams for MST.

The key to the performance of, anl user sa-.isfacton

with, any ccputer system lies in the software running on

: . Small business users typically do not shop for raw

processing capacity, but rather look for specific software

to fit their needs and simply buy whatever hardware will
support it. The cost of a saall business c-mputer system

may be drastically reaced if packaged software, as opposed

to custom software, is used. Rccorling to one market

analyst, standard software prices are about one-third the
cost of specially produced softiare (11:92]. Un.fo.t'znately,
with almost ary packaged programs, there will not be in

exact fit between the program Jesigner's -onception of stan-

dard procedures and the indivilual user's procedures.

Fsqardless of which procedure "s "standlarl," one corsaltant

recommends the 80/10 rule: if 301 of the package fits the

user's requirements, it- may make sense :o modify rquire-
ments to tak, advantage cf the package as is (1:36]. Of he

following application 1escrpt',rs for loaterey-Salinas

Transit, some, like general ].lger and ac=ounts'payable, may

actually fit s-andard packages, which makes location of a
supplier simple. Soma, like inventory -oatrol, may be

general enough to allow the use of standarl softwar- with a

few changes i-n current prcc-luris. For szs unique applica-

-.ons, there are no "near-fits" so that custom soltware is

the only option. In these cases, ecorcm"ci theory dictates

that MST not automa'e those applications for which the cost

* exceeds the value received. This entails a cost-benefit

analysis of each application in which .SI must quantify thb.|

benefits of computerized versus manual handling.
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The description of MST's manual filing and manage-

sent control-system in section & defined the envi-onsent

into which an au~omated system must be assimilated and

prescribed what functions the systei should provide. The

*ranslation of these functions into applications packages

available for off-the-shelf systems confi;urations is

performed below.

a. Personnel

There are a vari-ty of payroll and personnel

packages on the market; some are integrated to maintain
personnel information and make available to the payroll

calculations such data as is necessary. Pay.-oll disburse-

ments may then update the financial accounts.

Non-integrated applications can be combined to cover the

same functions; separate applications for payroll, personnel

records maintenance, and financial records. Special EEO-AA

epplications exist to set up egual opportanity goals and

prepare required government rqports. The remaining

personnel-type r.cords may be iairtained :) disk for access

by a repcrt generator for suMzations and sorts. Operator

timekeeping presents a problem to "canned" timekeeping

routines which are not structured to maintain the 21 catsgc-
ries MST would require. It is doubtful that any standard
proqram could accommodate the timekeeping requirements.

b. Maintenance

Maintenance administration woild benefit from a

vehicle maintenance program to track lifecycle costs on .ach

vehicle, establish labor standards for maintenance activi-
ties, and track tire life, engines, and transmissions. A

separate application would schedule preventive maintenance

at the mileage points stipulated by MST. An inventory
control application generally will maintain stock levels,
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calculate usage rates and variance from expected rates, ana
may automatically generate purchase orders for items below

required stock levels. In other instances, the purchasing
function may be handled by a separate application.

c. Finance

An automatea financial control systqm would

provide those services which the service bureau now handles:
general ledger, accounts payable, fixed asset accounting,

and payroll. Accounts receivable need nt be automated if
the recoemendaion of one software house president is taken.

He sugaests that a volume of less than 10 tc 15 invoices per
month does not warrant accounts receivable automation

(12:721. Some financial reporting, such as balance sheet
preparation, is available with almost all general lelger
programs; however, most of the specializel reports dealing
with federal grants under the UNTA woull not be automati-

cally produced at the punch 3f a button. They could,
however, be ccpiled from informa4ion residing in the. dta
base via report generation.

d. Plans

The planning function is un-i-ae to .he industry,
and not easily satisfied by general-purpose software. As
the history of computerized trinsit management shows,

. customized applications for this function were designed
* within the construct of a complete system, primarily for

mainframe computers, eliminating the opportunity to pick and
choose among individual route Planning packages for smaller
systems. However, a general-purpose eleztronic spr-ad-shee.
could assist In tabulation of the ridership survey figures

* -used in determining demand and service utilization. The

ridership survey requires manipulation of a matrix of 13
columns by a variable number of rows. The columns record
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data on fare category, number of passengers on board, how

many deboarded, time of day, aal other iaformation for each

of the bus stcps listed in the rows. These columns and rows

are prepared for every bus routs to zompute various ratios:

average load (number of passengers over the number of

seats), passengers per mile or passengers per hour. The

computations are elementary, but there are many of them.

The scheduling funct ion, like planning, is

transit-specific. Of the several :un-cutting programs

developed free the original RUCUS model, none have been
desiqned apart from a customiz-i transit system, again,

p-imarily for mainframes, and so are not available for off-

the-shelf system design.

e. Administration

The administrative reporting lImands may be

satisfied by a report generator or data base managem-nt

system (DBMS) query language facility to allow da'a from
maintenance, planner, personnel, and controller files to ba

aggregated. A DBMS will allow individual fields from
different files to be combined as the re-iirements dictate.t For example, expense data can be drawn from the finaacial
files for combination with mileage data maintained in
vehicle files to create the efficiency statistics called for

by the state transportation lepartment. For general cler-

i cal requirements, the administrative system would benefit

from the capability to perform word processinq: the
encoding, formatting, editing, printing, and storage of

communizations using computer-based hardware and software.

This would be used to greatly reduce preparation time of
., monthly correspondenc, two lar;e annual reports, multiple

mailing, coach operator schedules, and t-mplates for

printed forms.
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xxx. flZIIIA I ai &Ziui&UiU

A. GZI3RAL

This chapter presents four alternate computer systems

which aldress Monterey-Salinas ?ransit Copany's reporting

and record-keeping needs in varying degrees of completeness.

The four choices fall into two classes of computer systems:

mLicosputers and microcomputer networks. although distinc-

'ions are blurring between classes of computers based on

size (is it a low-end mini, a suppruini or a mainframe?),
the idea of a traditional minicomputer co ifguration is

sufficiently well-understood to not varrait elaboration.

However, the corcept of a network, particularly a microco-

muter local area network, is not so widely concurrel upon,

and at this point, the terms amd distinctions deserve brief
explanation.

B. LOCAL AREA NETWORKS

A local area network, or L&I, desribes an interconnected
collection of autonomous computers joined within some

.jimited geographical area, generally accepted to be less

than a diameter of 10 km. or six miles or so [13:102]. LANs

evolved from the longrange telazommunicat ns networks
developed in the 1960s. As universities ind research labs

b.gan installinq computers to assist in theiz operations,

the need arose to share information between them. This was

handled by passing packets of information5 across a

daSPecksis the ter used t? refe to blocks of dig 44 a1
data to wich routing in9 oraat.on and error- et ction filds
are appen ed. The user is unawa re of the break own of his
messages Into packets for transmission ana of the subsequent
reassembly at destination as those tasks are functions of
-he network software.

32

%1

.. . .llI . . . I -" . . . ... .. . . .. . . . . .. -- -'



communicatior.s link between host computers. Network devel-

opers hid to ensure that packets were delivered to the

correct destination, that they were reassembled into

complete messages or files in order, and that packets did

not collide or could recover from collisions with other

packets using the medium.
Various schemes were developed to control access to the

network, detect and correct collisions, and ensure complete

and correct transmission. The first commercially successful

local area network was Ethernet, introduced by Xerox in

1979. Ethernet is a passive communications medium, i.e.,

not controlled by a master CPU (central pcocessing unit) and
not relying on switching logic to sarve its stations. The
Ehernet network simply accepts transmissions from attached

nodes,6 each of which controls its own cozmunications tran-
sceiver. & transmitting node zonitors th_ channel for

traffic and sends when the channel is 4fl; the receiving
node accepts packets with its aidress, ignoring all others,

and acknowledges correct receipt to the sender (14:138]. If
any one of the system nodes _f-=, the othsrs are not

affected. Ethernet was design-l lo be simple and reliable,
yet such a scheme is cbviously more complex than simpleI: point to point communications where every link is a dedi-
cated channel.

Two commonplace alternative to LANs ire products which

provide multi-user prccessing and resource sharing but not

*he complete computer interaction which is the keynote of
true networks. One implementation installs several micro-

processor boards and memory boards in a chassis. One

microprocessor is usually resecved for controlling shared
access to the central disk and printer, and terminals are

•The word "node" is sed h re to suggest any number of
devices: ma!.nfrqM me Vor m croco sputers fronta
processors, termnai control u .ts and peripnierals, forexample.

33

* -_ _



connected to each remaining processor so that each user on

the system has a dedicted CPU. This method, though inex-

pensive, offers few of the advantages for which

micrccomputer networks are chosen. Users cannot utilize

private printers, florpy disks and the like, nor can they

directly communicate with each other, save by going through

the common service processor. Vorse, if any of the modules

in the central unit fail, generally the estire system is

down.

The other pro4uct is the disk multiplexer where several

icrocomputers are multiplexed into a disk controller, which

controls access to one or more hard disk Irives. A disk

mult plexer may be likened to a fast rotary switch which

cycles around, checking each attached workstation for a
siqnal requesting disk access. The multiplexer processor

services the request and is then free to resume cyclitg

[13:95-961. As with the central mi=ropro-essor chassis

implementation, separate stations cannot .csunicate withcut
routdinq information through the multipl-eer, either to the

disk and back out to the destinition station or to a buffer
and back to thq lestination. But this imp1.mentatioa does

provide an added measure of reliability in that individual
microcomputers may fail without interrupting data transfer
and computation for the others. Only if the central lisk or

multiplexer fails does all work stop; this risk is a
tradeoff in cost and complexity which many organizations may
be willing to make. It is these sorts of cost trade3ffs in

hardware, as well as the software performance differences
between a custom designed system and off-the-shelf systems

which are examined in the analysis of the following four

computer systems.
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C. U - COPUTER SYST MS

The first system is a professionally developed

transportation management system called Trans-Pac, distrib-

uted by Arthur Andersen r Co. rrans-Pac is applicable to

public and private transit operators with from 20 to 500

vehicles, and is designed to be used by regular transit

company staff with no computer expertise. The systam runs

on Qantel hardware which is configured to fit the size of

the individual companies. Thus, it can run on Qantells

Series 200, 300, Model 960/965, or 970/975 minicomputers

fitting a wide range of terminal and disk storage require-

ments. For a company the size of Monterey-Salinas Transit,

the recommended package would include 128K (kilobyte) of

random access memory (RAM), fA0K (megabytl risk drive, 5

CRTs, a magnetic tape drive fer backup, aad a 120 cps (char-

acter per second) serial prin-.-c. (A lett-r-quality prin.r

is also desirable but is not included in the package price.)

Modems are rot manufactured by Qante ! but the system accepts

data communications equipment rated below 9600 baud. The

Trans-Pac software is written ".n oantel's version of BASIC

called QICBASIC. Applications cover every facet of transit
manaqement, specifica fly:

1. ?a roil.and personnel: operator timokeeping in all
categories tax and voluntary dodu:tions, overtime
.9j pay an4 UNTA reports, accident and incident
£f 2.es ;

2. Pinancial records and repor-s: Z"=V.al .ed er,
accounts payabe, accounts recei!abis, fxeg asset
accounting and depreciation, and UKrA Sect-ion 15
reports,

3. Hiintanance: preventiv- santenanca, fuel consump-
tion reports, l fecycle v~h-clV parts costin, laborand ateri-als usage track ng, inventc y cont ol

4. Planni: routing and runcutting, processing of•~. -iesp surveys ;

5. Reporting: revenue and ridership reporting, accident
an4 safety repcrtsa SctLon 15 f?na !ial, labor,
efficency and ache &uJ .n reports, and report 7ener-
stor.
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The software comes as a package bundled with the Qartql

hardware. Arthur Ardersen & Co. breaks down the total

system price into S70,000 for hardware and system softwar:,

and $20,000 for applications software. A: additional fee is

charged for implementation and user training. A summary of
the costs is presented in Table I

TABLE I

Trans-Pac Rardware and Software

CPU Nodel 965
8-bit word, 128K RAM, 32K RON with
9perating syitsm .n4 language par'ially
.implemented in firmware,
time-shared (not multiprogrammed)

Speed Add time 9 mcrosecon s
Memory cycle timg 1.5 mcrosecons
Maxmum I/O rate 93OK words per second

Capacity Disk cartridge 40H
Terminals 127 x 54 5
Tape 36K - 721 bits per secord 2bps)
Pr..nter 120 =ps

Cost
Hardware Qantel package S70,000

Software sort u -ll..ej, cqmpiler icludedTa- Pac a ppl- t ions S20,0 0

Total 390,300

The Wang 2200 Series is aimed at first time asers
with general business requirements. The 2200 MVP model will

support 13 users utilizing a 15-partitionei memory scheme to

provide 'rue mulliprogramming. The syst.m may be expanded
up to 512K of main memory and supports 483M of disk storage.

Interactive terminals with business graphics characters and

a wide base of Wang ard independent supplier data and word

processing software make this system well -uited to the

business environment. The system includes either a BASIC or

COBOL interpreter and operating system implemented in RON
(read-only memory) which frees the available RAN for user
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TABLE I

Vang Hardware ind Software

CPU Model 2200 HVP
8 bit data memory J4 bit control memory,
128K RAN, 64K RO" 0 ixed p artitioned
memory mfnagementoro multiprogramming

Speed Add time 13 usec
Nemgry cycle time .6 usec
Naxmum I/O rate 100K words per sac

Capacity Disk dr ive 30H
Termina (24 x 00 plus 614

graphics characters) 5
F Printer 180 bps

fsTape drive 55K - 130K bps
~Cost

Hardware CPU 120)0
terminals & $2700 13500
disk 17)00
rintar, ccntroller 3700
ape drive 13000
Total !59,200

Software Vanq Integratel taformation Syst em
(sort, 10 utilities, 5 subroutines)
& tions no charge
inteqrated busin-ss package

(GL AP, IC,PO,Fk) 8:30
pa y 1,o 1500
veK!hcle santenanze

and efficiency syte 83
electronic spreads heet 5300
word processing 1500
report "nerator 400 $28,500

Total $87,700
Note: L-General Ledqer AP-Account- Payable

IC-Invertory Ccntrol PO-Purchas - Ordering
FA-Fixed Asset Accountiag

processes. Wang offers modems for remote data communica-

-'ons, as well as several printers. In order to make this

system :omparable to Cantel's, similar capacities were

chosen for the configuration. 3ff-the-sh-If software was

found for most computing and file keeping applications, but
obviously programs to format and report specific data

elements for UNTA Section 15 and other transit company

routine reports is not availabla. :ustom tailoring is
necessary for those functions. The hardware and software

37

- _ _ -



specifications are summarizel -In Table II . The Wang report

generator for this model computer costs S25,000. This price
would easily thrcw Wang out of the runnin;, so a package for
similarly sized hardware was substituted -on the supposition

that a vendor would be able to find a reasonably prized

package.

2. Th fi o...c2_.3Lte__

The two microcomputer configurations presented below

do not differ appreciably in the cost of ipplicalions soft-
ware. Microcomputer software runs within a predictable

price range of $100 to $800 per applicati:n (and heavy
competition crea4es sizeable discounts), with some outlying
figures for specialized programs for which the market is

limited. Similarly, software designed for proprie-.ary oper-
ating systems and lanquaoes may tend to cost more than that
designed to run on widely used products such as the Ir fac-o
standarl microcomputer operatii system, _-P/M, because the

costs cannot be spread over as large a customer bas. It
can be concluded then, that vhere the twv micro networks do

differ ir cost, It is a functioa of the hardware ard associ-
ated system software, and not of the applications.

A simple device-sharin; microcomputar network is

Intertec Data Systems' CompuStir ,.icrocomputar System. The
CompuStar network consists of up to 255 microcomputers
called video processing units (VPUs| daisy-chained together

to share the resources of a single hard disk device.
CompuStar allows multiple users to access the common data
base while allowing individual users the .bility tc maintain

private files on local floppy liskettes ao to 1.5M.
CompuSfar may be configured around one of three disk storage

systems: 101 Winchester disk or a 32M or 96 Control Data
S Corp. disk cartridges. All are equipped with a disk

controller and multiplexer circuit to tie user stations into
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TABLE III

Intertec CompuStar Hardware and Software

CPU Model VFU 20
Z-804 processor, 8-bit worl, 64K RAM
utliz ng CP/M In Microsoft BASIC

Speed Data transfer rate 1.6M per sec
Add time (apprx.) 1 - 2 msec
Memory cycle time (approxi .2 - 1.6 asec

Capacity Disk cartridge w/ontrller 32R
Terminals (VPUs) ( 4 x 80]
Printer 120 cps
Tape drive 48K bps

C:st
Hardware VPU 20 3 3000 $15000

disk 12000
printer 2000
ape cartridge 2500to.-al $31,530

Software text editor no charge

Appl-c4etios Low Hi*Wgerera z.ledger 100 83
accounts pay 130 830
payroll 100 430
assets/depreciation 400 80
inventory control 140 81)
purchasing 140 4)3
modeling/spreadshee-200 330
word r&ccessing 250 530
-epor.- generator
or DBMS query 400 20)0
total 1830 6800

weighted average
70% low; 30% hih = weighted avg $3,300

Total $34,800

the disk. As a disk multiplexed system, ZompuStar avoids

the complexity of true network.=4 systems as well as the

somewhat higher price, but also gives up the alvantiges of

direct communication between wookstations and distributed

processing. The system is expand-d simply by connecting

another workstation to the network =ircuit. Connections on

Pach VPU are independent of terminal operation so that

- failure of a VPU does not affect others. Intertec's VP~s

are 8 bit prccessors offering 64K of RAM and running CP/M

with a choice of Microsoft BASIC, COBOL, or FORTRAN.
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Intertec does not offer printers but the system accepts ary

ES-232C interfaced printer running at 9503 bits per second,

cr slower. Modems for remote system entry are also avail-

able from other suppliers. Typical costs for one

configuration of the CompuStar system are shown in Table III

Software prices are shown as high and low figures. Since

high prices are rarer than low-end prices, and since

CP/M-compatible software in particular seams to benefit from

prevalent discounting, a weighted percentags is applied to

each subtotal to produce a weighted avera;_ price.

The Nestar Cluster/One Model A is a true local area

network based upon Ethernet principles, but impl-mented on

Apple (or in the near future, IBM) personal compu+srs. The

system includes integrated software and hirdware f atures

needed to handle data processia; and data communications.

Wockstations can operate independently with a full comple-
ment of local peripherals, such as floppy disks and

printers, or as participating ._twork members wi-h a share

of the common data base and peripherals. The nietwork

includes a number of network "s.rvers," defined as any of

'he network stations which provide services--such as printer
support, disk access, data base managment system access--to

other stations. The servers are distinguished from other

stations merely by the softwar? they run :13:108-10). To

provide access to the hard disk stc-age, -)me of the

Cluster/One stations must operate as the network file

server. Other software creates a print server to make a
number of printers available to the network. Network

proqrams may be executed under Apple's DOS (disk operating

system), and SOS (sophisticated operating system),

UCSD-pSystem or CP/M operating systems, a flexibility which

provides a sizeable pool of software support. Apples are
fitted with an expansion card f3r each op.rating system

desired, and users can switch at will between operating
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TABLE IT

Nestar Cluster/One Network Rardware and Software

CPU Apple 1I
8bit wcrd, 64K RAM, 12K ROM
Assembler and control prora m
partially implemented in ROI

Speed Transmission rate 240K bps
Capacity Disk drive subsystem 33q

Monitors (24 x 35
Printer 100 zps
Tape cartridqe drive 240K bps

Cost
Hardware Cluster/One package $33,500

Printer 2,500

Software sot, assembler file server no chare
print server sof~tware 1, 00
Ap pl ica tion
Th4 same software costs ;s in
Table 13 apply since this
network can use the same CP/M
software priced in the
CompuStar system as well as
AgppI-;:cmpa-ible software,
wnic s pr3ce, 3im0i0rly.
Total (weighted average) $3,300

Total $40,300

systems. For connection to the network, .ach micro must

have an intefface board in which network protocols are

executsd. The system bcasts iazreased rel-iability because

no one critical component mus-.t execute for network =ommuni-

cations to take place. if the actual disk hardware fails,

then as in any system, the system fails; but individuals
stations may be removed, turnel off, or may fail without

interruDtinq transmissions from other nodes. Cluster/One is
expandable up to 65 users with secondary storage of 56M per

file server. Additional file servers car, be added for virtu-
ally unlimited disk storage. The Cluster/one package comes
with Apple CPUs, Apple or other manufacturer video monitors,

a sealed hard disk, tape cartrilge for barkup (a single

A cartridge can write and check over 20M bytes of data in 12

minutes), network interface cards, -able and connectors.
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Addition to the network is the zost of the Apple plus $395

for an interface card. Typical Apple and Nestar costs for

the chosen configuration are shown in Table IV

D. ASSUIPTIOUS

The following assuptions were made ia the development

of the three "pseudo- ystems" and for deciling what -osts
were included in the comparison of the four systems.

Disaqreement with the author's assumptions may invalidate
portions of the analysis.

1. Compatibility cf softwace with hardware is based

solely on a software pazkage's stated compatibility

with hardware

a) manufacturer,
b) operating system,

c) language, and
d) main memory requirement, if given.

2. Compatibility of hardware is either expressly stated
or based upon standard interfaces and I/O (input/

output) restraints.
3. Some hardware and software elements apply equally to

all alternatives and are not broken out separately
for cost analysis. These items incude:

a) modems and the phone line for link to Salinas
facility;

b) letter-quality printer for which costs differ by

manufacturer, but are roughly the same for equal
performance. The printers incluled in package
prices are of lower quality for routine printing;

c) implementation and training costs, because they
apply to all systems and vary widely by supplier

and degree of assistance Jesirel.
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4. Trans-Pac is ccnsidered to provile 100% performance

even though somw of its features a. riot optimum,

(e.g., the report writer function loes not compile to

the CRT or disk, only to the print e:).

5. The functions cf a particular softiware package can

only be guessed from the sketchy lescriptions given

in source catalogues. anless stated otherwise.

applications are stand-alone, non-integrated pack-

ages.

6. Software and peripheral prices vary widely and cos 4 s

used In this analysis can only be approximations.

The intent is to p--!ov-'Ia tv =3sts and qn-rl

avail.ability of equipment and software.
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A. ANALYSIS OF ILTERUATIVES

The bottom line costs attached to each of the four

alternatives presented in the preceding chapter do nat tell

the whole story. If the systems were of equal performance,
the decision maker would pick the lowest cost alternative.

As they are not, this section aaalyzes the tradeoffs in cost

and performance in order to arrive at a cost-performance

curve.

Software performance is the main ingredient in a

successful system and in a situation such as MST's, where no
in-house programming or fine-taning of software is possible

(without hirinq a proqrammer) , the fit of the software to

company needs is the essential factor in etermining

performance of the system. Sin-e both microcomputer

retworks are assumed to utilize equally c.pable software,

the software performa ie figures for the two systems are

necessarily the same. Thus, differentiatinq between the two

based on software performance is pointless as they are

virtually indistinguishable. In the following comparison of

the systems, CompuStar and Nestar Cluster/one are combined

under the heading "Micro Networks." Each of the resultant

three systems is graded on its responsiveness to
Monterey-Salinas Transit's software needs, as described in

Chapter II. To establish the grading scale, each applica-

tions area is assigned a number of points out of 100, and

each competing system is then given a percentage of those

points to reflect how well it eets MST's functional

requirements.



Assigning points to each functional area requires that

an assessment of each function's impact on transit manage-
ment be made. It is simplest ta equally divide the 100

points between the five applications areas (personnel and

payroll, maintenance, finance, planning, and administra-

tion), but, in the author's opinion, this would not
accurately reflect. the relative importance of the functions.

The following discussion presents one weighting formula used
-n the succeeding analysis and justifi-s its choice. Using
these weights, the allocation of points to each system is

made bas.d upon the capabilities of the i.idividual software

packages included in the system specifications compiled in
Chapter III. However, both of these numerical assessments

are subject to change. Other 1sers may value the applica-

tion area weights and the point allocations differently from

'he author, resulting in widely varying scores for the

alternative systems. To lessen the impact of the subjective
rature of the numbers, two weighting formulae and two poitr-

allocation schemes are used in thp analysis of *he cost-

Derformance tradeoffs. Sc while the numbars generated may

not conform to every decision-maker's view of software

performance, the methcd employed is illustrative of the

process of ccst-performance determination and may be used
regardless of the decision-maker's preferences.

It is estimated that over 90% of a transit property's
total operating budget is directly and inlirectly -nfluenced
by the schedule, in terms of service levels set and

resources (labcr and equipment) used. optimization f these
scheduling processes may save a company 3 to 5 percent of
system operating costs [4:191. Manual scheduling and
service planning are extremely time-consuming, a fact which

further boosts the importance of automatel scheduling. For
these reasons, a Rucus-type capablility is considered by the
author to be the most important use of MST's automated
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system, and is assigned 30 percent of the 100 software

performance points. Maintenance of the bus fleet is the
second most costly function and an application to encompass
the necessary maintenance scheduling, record-keeping, and

fuel efficiency monitoring is useful for both routine main-

tenance decision-making and periodic efficiency reporting.

The author assigns this capability 25 points. inventory

control is another time-consuming task; inventory levels

must be continuously updated to ensure that stock-outs of

parts and fuels do not occur. & benefit of an inventory
control package which interfaces with the maintenance

records is that complete cost profiles of vshicles are
always available. Such an application is assigned 12

points. Financial reporting and accounts maintenance are

critical to every business, both for internal control and to
comply With external reporting responsibilities. in addi-

tion, an accurate and timely payroll is necessary for

employee satisfaction and loyalty. Accorlingly, accountirq
functions are assigned a value of 18 points. The large

volume of reports generated by HST makes the capability Io
capture, sum, average or in some fashion marnpulate, format
and print data a very attractive timesavec. Trans-Pac is

obviously the only system to format reports specifiCally for
UNTA, Section 15 requirements, but a report generator

accessing all files will be able to approximatq this
feature. This capability is assigned 15 points. The
weiqhts and the corresponding points allocated to ea-ch

alternative within each applicaticns area are shown in Table
V . The applicability to MST's specific requirements, and

the degree of software integration are the main factors
which guided the author in grading each alterna'ive.

additional notes are provided to explain specific point
allocations. A plot of the performance scores versus the
cost of each alternative, calculated in Chapter II, is

displayed in Figure 4.1
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TABLE V

Software Performance Scores

Trans-Pac W ang dicro Networks

Scheduling 30 4.5 *a 3 *b
Support (30) (100%) (201;) (10%)

Eqifment 224,*c
Ma~n-enance (25) (139%) (907k) (5)
Inventor I
Contra 1)(19)(

Finances 18 14.5 *f 13.5 *q
and Payroll (18) (100%) (80%) (75%)

Report
Generation 15 10.5 *h 10.5 *h
and Pie (100%) (67%1 (67%)
Maint enance (15)

Total 100.0 62.0 3 .5
Notes:
a. electronic spreadsheet for number manipulation only
b. same as abcve; micro version less powerful
c. allows vehicle files tc be held,.but no automatic

maintenance scheduling or exception reports
and IC; no ma:nt.

d. integrated purchasing and inventory control (IC),
but no maintenance interface

e. separate purchasing and IC, and no maintenance interfacs
stanlard accounts and payrcll but financial reports
not transit-secific; inteqrated packsg,

a. same as above-out no ntegrated
5. manual formatting and inform-tion compiliation of

=eports,(e.q., U TA reports)

The "best choice" decision, though not directly readable
from the graph, can be quantified by determining how much

additional cost is incurred by moving from a lower-

performing system to the next higher system. This is the

marginal cost of the higher-priced system in terms of the

amount of performance increase, i.e., the additional ccst
per unit of performance gained. The marginal cost of the

lowest-priced system (the microcomputer alternative)I would

be determined by computing the difference between its cost

-' and the cost of the current manual system, if that were
known, in terms of the increase in performance levels, if

that were known. Thus, the cost-performance curve in Figure
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Note: T = Trans-Pac

V = Wang 2200 MVP
M = Microcomputer networks

Figure 4.1 System Performance vs. System Cost.

4.1 shows thal in moving from the Micro Network alternative
to the Wang system, 22.5 additional units of performance ars

gained at a cost of $52,900. 7 The cost of gaining 38 more

units of performance by moving from the Wang system to

Trans-Pac is only $2,300. The marginal cost of moving from
the microcomputer system to rrans-Pac is the sum of the

above changes, or $55,200 for 53.5 additional psrformance

points. Withcut further analysis, the low marginal cost of

selecting Trans-Pac over the Wang alternative suggests that

* Wanq would not be selected. Without knowing the individual

4 *Thsfiaure is the re ult 3g subtractin $3 ,800 from
,Wanq's S7,70a cost. t34,8, he cost of tge CompuStar
lternat:ve, s the lower cos- ror that performance level;

.t is not reasonable to pay more than necsssary by buying
the Nestar system.
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user's value of performance, h3vever, is impossible to say

which alternative is "best": if performance at any cost is

desired, then the Trans-Pac system is obviously that user's

choice; if maximum performance for $15,000 is the goal, then

none of the alternatives are a=ceptible.

The marginal costs between systems -hinge in response to
changing user assessments. Due to uncertainty in both price
and performance figures, the pinlts on the graph are no

longer discrete, but become blurred as ! result of the

numbers' sensitivity to change. First, amch point covers an

expanded vertical space to account for the variability of
the costs; this due tc the estimation method used and to

T I
Performance
1 001

I II

2 I I
II

601

40~

I I
Cst (thousands)

Figure 4.2 System Performance vs. System Cost Ranges.

allow for change in market harlware and software prices.
Using a percentage of 10% to cover what the author conside-s
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the most likely circumstance, a range is l.veloped for the

probable cost of each system:

1. $81,000 to 399,000 for the Qantel hardware and

Trans-Pac software;

2. S78,900 to $96,500 for the Wang system and associated
software;

3. $31,300 to $38,300 for the Interta: CompuStar

network; and

4. $36,300 to S44,300 for the Nestar :luster/One

network.

These figures revise the original plct to that shown in
Figure 4.2 . The highest and lowest microcomputer prices

are usel to bound the cost rangs of the Micro Networks
alternative. Using this curve to figure the marginal costs
between alternatives is slightly more difficult than before.
Once r._ of numbers are addressed, the decision must be

made as to from where within that range marginal changes
will be measured.

To illustrate: The Wang system costs between 178,900
and $96,500 ar.d the microcomputer alternative ranges from

$31,300 to $44,300. nhe question is whethsr the change in
cost should be computed between mid-point-s, between high and
low figures separately, or between a combination of hiqh and

low fiqures. Whsreas a given market responds as a single
entity to influences on pricing, individual sellers need not

react in unison. Any one of the manufactarers or vendors
supplying the systems in this study may change its pricing

policy without immediate and specific regard to the other
vendors. Thus, if a ten percent price hike is experienced

by the microcomputer alternative, it does no-: necessarily

follow that the Wang system will undergo similar price

-" changes. Furthermore, it may be argued that minicomputers

and microcomputers arc. really separate markets; consequently
pricinq strategies in one do not influence the other. Since
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there is no way to pre-deteriine the costs with certainty,

the concept of risk aversion suggests calzulating the

marqinal difference in cost using worst case figures, i.e.,
high and low prices. Thus, the highest marginal cost that

the Wang system may incur is if the very zheapest price is
paid for the microcomputer option while the higher price

must be paid for Wang. Using worst case figures, the

marqinal cost for the Wang system is $96,500 minus $31,300,

or $65,200 for an increase of 22.5 perforsance points. The

marginal cost between Trans-Paz and Wang is $99,000 minus
$78,900, or $21,100 for an additional 38 ?erformance points.

The marginal cost of upgrading from the microcomputer cpt'on
to Trans-Pac is $99,000 minus $31,300, or $67,700 for a 60.5

point increase. Under this analysis, the marginal cost

figures are no longer as unfavorable to the Wang option as
before price variation was addressed. While the $2,300
marginal cost previously calculated between Trans-Pac and
Wanq represented only three perce.t cf the anticipated ccst

of the Wang system (i.e., an upgrade to Trans-Pac could be

accomplished -or 103% of wang's priz-e), this $21,100 worst
case marginal cost represents almost 27% of the original
Wanq system price, making the upgrade decision one requiring

some thought. The Miicro Networks to Trans-Pac upgrade

involves a 216% price augment for a 60.5% pqrformance
improvement.

Performance figures are also subject to change. The
we'qhting formula applied above may not a-curately reflect a

specific user's valuation of the five software performance

areas. For instance, another decision-maker reviewing these

alternatives might value applizations which perform calcula-

'ions over those applications which primarily hold records

and do not utilize the computi, g power of the computer,

i.e., the concept of a "computerized filing cabinet." In
that case, he m±qht assign heavier weights to scheduling and
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fi-nancial functions, which are mathemati-cal, and less to

mairtenarce, !Luventory and administrative record-keeping,

TABLE VT

Software Performance Variability A

Trans-Pac Wang Micro Nptvorks

Scheduli ngSupport ( 40 8 4

EqiVi s ent
Maii enance (12) 12 11 2
Inventory
Control (10) 10 8.5 7
Finance and
Payroll (33) 33 26.5 25

Gaertio
and File
Maintenance (5) 5 3 3
Total 100 --- 7- --- ---

computer-zed activities which might be called "digi-tal bock-
(keepjnq.t1 This evaluation is shown in Tablme VI *The sams

point allocat-fon percentages dsvised for rable V are used -to
determine the scores relative to the new weights.

The other subjective factor which affects the perform-
ance sco=es is the percentage of possible points allocated

to each computer systqm once tha weights have been es-tab-
:ised.The author's opinion of a softwar packagolIs valus

,to MST leteruined the scores attained under sach welghtinq
formula. Anc4-her decision-mnaker who believes that the user
will learn to exploit the capab!iities -f a system would no
doubt assign consistently higher values in each of the
application areas. For example, an analyst may assume that
a knowledgable user will, with practice, learn to extract
more computational and decision-making po)wer from the elec-

tronic spreadsheet and modeling application. This will
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increase the system's value in the scheduling and plannir.g

area, for which the application was origi.ally intended, and

also increase the system's usefulness in the financial and

administrative categories as tha user utilizes +he f3re-

casting and statistical report generation capabilities.

Such an evaluation, where the iaalyst assames that the user

wili augment the ready-made abilities of the software with
experience and perhaps his own programming, is shown in

TABLE VII

Software Performance Variability 8

Trans-Pac Wang Micro Networks

9M ul l T-----
Support (30) (70%) (65%)
Eqpi±ment 25 22.5 16
Main -enance (25) (90 -) (65T)
Inventory 12 10 8.5
Control (12) (35%) (70%)
Financp and 18 16 16
Payroll (18) (9 0,) (90%)
Report.-enert-on 15 13.5 13.5
and File (15) (90%) (90-)
Mintenance

Total -U 1J- t-

Tables VII and VIII which apply rivised allocation percent-

ages to the two previously described weighting formulae.

Combining the two weighting formula and two point allo-
cation percentagces prcduces four software performance scores

for each alternative, (although obviously, Trans-Pac did nct
vary from 100% performance as it is the standard). Taking
the high and Low scores for each yields a probable perform-
ance range for the competing systems:

1. 57 to 83 points for the Wang system; and

2. 39.5 t o 73.5 pcints for the microcomputer networks.
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TABLE VIII

Software Performance Variability C

Trans-Pac Wang Micro Networks

Support 40) 40 26 24

Equi ment
.ain enance (10) 10 9 6.5

Inventory
Control (12) 12 10 8
Finance and
Payroll (33) 33 29.5 29.5

Report.Gene ration
and Pile (5) 5 4.5 4.5
Maintenance
Tota l 772

Figure 4.3 presents the revisel cost-performance graph based

upon the variability in both prices and performancs levels.

Determination of the margiol costs between alternatives

is made more difficult in this final cost-psrformancq curvs,

as a range of performance is available for a ranqe of

p-ices. Once again, the policy of minimizing unknown risks

indicates that the worst case instance should be used ir the

qvaluation. that is, paying the most additional cost for the

least amount of performance gain. rhe worst case cost

factor, used in the preceeding analysis, is the higher price

of the better-performing system, minus the cheapest prics of

the base system. The worst case performance factor is the

ODDosite: the lowest performance level of the better system

minus the best probable performance level of the lesser-

performing system. The worst :ase marginLl costs are shown

below:

1. The marqinal cost of obtaining the Wang system over

the Micro Ne+wcrks system is $65,230 for a possible

decrease of 16.5 perforiance points;
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Figure 4.3 Performance Ranges vs. System Cost Ranges.

j 2. The marqinal ccst of obtaining the Trans-Pac system

over the Wang system is $21,100 for an increase of 17

performance points; and

3. The marginal ccst of obtlining Trans-Pac over the
microcomputers is 167,700 foT an increase of 26.5

performance points.
If, in fact, the decision-maker believed that the worst case

circumstance would occur, i.e., that an upgrade from the
, Micro Networks to the Wang system would cost three times as

much for 22% less performance, then the d_ision in favor of
Wanq would never be made. By asing the midpoints of the

three performance ranges as the expected performance levels,

55

...... ... . a: .. ....



the marginal performarce obtained for the respective

marginal costs is more competitLve:

1. 13.5 additional points by choosing Wang over the

microcomputer;
2. 30 more points by selecting rrans-Pac over Wang; and
3. 143.5 mere points by choosing Trans-Pac over the

microccmputer.
The instance of worst case marginal performance is impro-

bable, because the analyst who optomisticilly views the
potential of the software for one system would logically do
the same for similar software on other systems (as illus-

trated in Tables VIT and VIII). Thus, the poin allocation

percentages, though different for each alternative, tend to
move up or down together.

Isclated changes in the scores can affect the relative

position of +he alternatives. Returning to the original
scoring values, if only the eviluation of the scheduling

support software is changed--incroasing that capability by

ten base points, for example--both the Wang and Micro

Networks scores increase, narrowing the gap betweon them and
Trans-Pac. Adding ten points, the Wang s=ore is 72 and

Micro Networks is 49.5. The marginal cost between those two

alternatives does not change, remaining at $65,200 for 22.5
additional performance points, but the marginal cost between

either alternative and Trans-Pa- changes. The worst case

marginal cost is still the same--S21,100 increase between

Wang and Trans-Pac and $62,700 increase between Micro
Networks and Wang--but the additional performance obtained

for that price has dropped by ten to 28 points for Wang and
50.5 for the microcomputers, so that the extra money does

not buy quite as much as before. Another scoring change,

affecting only one alternative, affects the relativa
I$, performance between all the options. If the Micro Networks

alternative is given ten more points in the equipment
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maintenance category, the resulting performance scores are

100 for Trans-Pac, 72 for gang, and 59.5 for Hicro Networks;

and the marginal performance gain over the microcomputer

alternative is 13.5 points for gang and 40.5 points for

Trans-Pic--still less performance for the money.

The preceding analysis has shown the sensitivity of the
numbers to the individual perceptions of the analyst. The

analysis can be done using so-called "expert" opinion to

arrive it a set of total scores with which the decision-
maker feels comfortable and confident. However, once the
totals are finalized, only the responsible decision-maker

can decide what "rade-offs in cost and perfo=mance are

acceptable. An observer can speculate that if the final
totals produce marginal cost figures such that the Trans-Pac
alternative provides 38% more performance at a 3% increase

in price over the gang system, as in the -author's original

evaluation, then the decision-maker would elect to spend th?
nominal increase for a substantial performance upgrade. But
when the choice becomes less obvious, as when using the

figures from Figure VIII where a 26% prics increase created

by chocsing Trans-Pac over Wang yields a 21% parformance
increase, only the decision-maker who must live with and
Justify his decision should make the choice.

B. ADDITIONAL FACTORS

There are several important factors other than software

performance which will influence the decision-maker's choics
of computer system. These factors are not quantified in
this thesis--nor are some subject to numerical analysis--but

they are mentioned as areas which should be given considera-
tion in the decision-sak1ng process.
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Reliability of the system is of critical importance.
Reliability refers not only to hardware reliability, but to

software and data reliability. Processors are inhe:.enly

reliable pieces of hardware because they ire elqctical

rather than mechanical. However, if the wirings or indi-
vidual components of a minicomputer fail, all computing
power is lost. Not so with a microcomputer network where a

user ccnfronted by a failed micrccomputer simply moves to a

working micro, recalls his files and continues. An adjunct

to hardware reliability is its maintainability.

Micrccomputers have fewer components than minis due to

sinqle chip and single board technologies. The resultant

modularity of design makes 2aiatenance or replacement

simple, quick and inexpensive.

Software reliability is, t3 a large eKtent, a function
cf whether a package is custom-tailoted or of the off-the-

shelf variety. Packaaed software aimed at a wide market of
users is highly reliable, requiring virtually nc mainte-
nance, except for user-desired iodifications. Microcomputer

software is often more exhaustively testes than software for

.ndividually-designed systems simply becaase of the
economics of having to send revisions to hundreds of thou-

sands of microcomputer users at no charge. Generally, after

a few thousand copies of a program have been sold, all the

bugs have been found.

The inteqrity of data is the key to any system, manual
or automated. Computerized computations are unquestionably

more accurate than manual calculations. Semiconductor

memory is so reliable that many manufacturers dispense with
oarity checking. Storage media are reliable too; a
"Winchester" hard disk drive has a mean time to failure of

SA parity bit is appended to the en Df each data word
and set odd or even tc correspond to the odd or even va ue
of the sum of the bits in the word. If the parity bit does
not match the sum, an error is letected.
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15,000 hours [15:301. Data transmissions however, are

susceptible to error. In Cluster/One, receivinq nodes use

check sums on the add-ess and data of the packet. If the

check sums don't match, the sender is signaled to retransmit

its packet. Additionally, the file erver locks a file if

one user is accessing it so that concurrent changes cannot

be made. Qantel's minicomputer does check parity bits but

does not provide error correction if an error is found, nor

does it provide storage protection to prevent unauthorized

writing in certain areas of main memory, a feature used in
timesharing and aultiprogrammel memory schemes. Wang 2200

MVP does not offer any of the thrqe features. CompuStar

provides neither error checking or correction. Storage

protection is not needed in systems which dedicate memory to

one process.

There are many other consilsrations ia choosing a
system. Physical site preparation, if needed ie an addi-

tional cost. The larger the machine, the ;reatqr the need
for a contrclled environment. A large ma:hine will requirs

more power and radiate more heat, thus dazanding artificial

cooling. a microcomputer needs no special envircnmpnt, no:
do most small minicomputers. rhe support that a buyer gets
from the vendor is often a major selling point. Some users,

especially computer-naive ones, desire much attention or

"hand-holding" in the jargon. Such personal attention may

incurr additional fees or it may be part of the vendor's way
of doing business. Unfortunately, the computer industry is

a volatile one and the vendor who sold you a system

yesterday ight not be around tomorrow. k company's reputa-

tion is an important element to check before signing a

contract.
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C. COICLUSOIS

This study has focused on one company in particular to
illustrate the process of requirements analysis and capacity

planning. First, the current system was analyzed to deter-

mine what information was being maintained and how it flowed

through the company. The filing system was examined to

allow specification of application areas to be addressed by

an automated system, and to facilitate proper sizing of the
system in terms of storage and data entry equipment. Once
the requirements were defined, four systeas were presented
to meet those requirements, two min6:omputer systems and two

mu.ti-user microcomputer systems. Costs of hardware and
software were drawn from various sources to arrive at a
total cost for each system. These costs ire subject to
change, due to both the variability of ths marketplace and
the general nature of the compilation. To give meaning to
the costs, measures of performance were established using
4wo weighted evaluation schemes and several point alloca-

t*ons within the weighting formulae. The resultant graph

compared the four systems in terms of performance ranges and

cost ranqes. Th, derivation of the margi.aal cost associated

with each change in levels of performance enables a

decision-maker, who knows his subjective value of an incre-
ment of performance, to determine which alternative is
"best" for him. If the cost of the increaent outweighs his

sublective valuation cf that increment, he doaes not spend

the extra money for it; whereas a cost less than his value
of the performance increment asserts that the extra money

should be spent. This thesis presents the computer system
options in an evaluated and quantified form, so that the

4decision-maker may apply his subjective value of performance

and money to determine which alternative best meets his
needs.
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APPENDIX A

MONTEREY-SALINAS TRANSIT'S FILES AND REPORTS
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TABLE XT

Financt.1 Files

File nme Descript-ion  Input Input No. of
from to records

General standard chart of financial balance 225
Ledqer accounts: monthly 5 subsystems sheet

ear-to-date actual (A/P fixed
budqeted expenses and assets, A/R)
revenues , assets and
liabilit ies

Accounts vendor, addr ess, part pughase cash 120
Payable cost, date, dscOUnt or er distr. /uo

journal
Accoqntg.. , contrller invoices 30
Receiva~ aescr pt ion, date: /y=

for charters

Fixed account numbgr, controller finance 700
Assets desript5.on, item life reports,

monthly & cumulative G/L
depreciat ion

TABLE III

Service Planning and Scheduling Files

File name Description Input Input No. of
from to records

Filership vqhicle no.,method Df survey routes 1000
survey payment, for each stop: .&e runs

9 assenqer s on/off/oaboard scheduling,
istance/finures between service

stcps, passengers per planning
minute, per mile

Sqhedule t 4 me on/off duty whn/ plans trars 35
Twhetable vfere to break, otal payroll

uaranteed & $vertime
for each coach run

Foutes route charact eristics: ex-er.al run- 27
+.affic sqnals, . cutting
railroad cto ssings,street
vidths, route length

Vehicle condi.!on, size maint-nance run- 52
I.fo capacity cutt in

Runs no. of dri .rs, routes schedule 55
routes, ve !cl - info
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